
_5

|

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ltTII'RTIMI, RI:.Pi)RT
ClASE F I L _'o.,_,,,,,,,,,,s_o

_eptember 1943 as

Memorandum Report

C_O P_Y _,_
TESTS OF A 1/40-SCALE WINCl,.-HULL MODEL AND A 1/10-SCALE

FLOAT-STRUTMODEL OFT HE _JGHES-KAISER CARGO AIRPLANE

IN THE TW0-DIMENSIONAL LOW-TURBULENCE PRESSURE TUNNEL

By Felicien F. Fullmer, Jr.

Langley Memorial Aeronautical Laboratory

Langley Field, Va.

WASHINGTON

NACA WARTIME REPORTS are reprintsofpapers ori_na_y issued toprovide rapid distributionof
advance research resultsto an authorized group requirlngthem for the war effort. They were pre-

vlouslyheld under a security statusbut are now unclass_ied. Some of these reports were not tech-
nicedlyedited. All have been reproduced without change inorder to expedite general distribution.

L- 633



7



I_EMORaND_,_ REPORT

for the

Department of Com_nerce

oC_dJ_TESTS OF A I/I_.O-S_L_ wluG-£J_L MODEL MiD A i/I0 -_ '
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I]'_THE TVv0-DI_ENS!01TAL L0_-TURBULE_CE PRLSSURE TUNI_EL

By Felicien F. i%_llmer, Jr o

!NTRODUCT ION

At the request of the Department of Comnerce, aero-
dynamic and hydrodynamic tests have been made of a I/L0-

scale win[-buli model and a 1/10-scale float-strut model

of the proposed arrE_nger_ent of the }iughes-_(aiser carco

airplane. The aerodynamic tests" were made in the I_ACA

two-dimensional low-turbulence press_me tunnel and the

results are presented in this report. The hydrodynamic

tests were made in the _D{CA tank and are being reported

scparate!y.

The aerodynamic tests were made primarily to study

the drag characte_:'istlcs of these models as originally

designed and to determine, if possible, how the proposed

designs could be improved. The investi_]ation

accordingly included tests of these moflels as received
and after various modit_ications had been made. Some of

these modifications were made as the result of hydr'o-
dynamic tests at the NACA tank_ Vihenever nracticab!e,

additional tests were made to study the lift character-
istics of these models. The tests of the wing-hull

model were made at a Reynolds number of apr,roximate!y

22o 5 million based on the model-hull length of 62,.25

inches. The float-strut model was tested at a

Reynolds nur]ber of approximately 7 million based on the
model-float length of 2}%.00 inches.

_(0DELS

Wi_j__-hjil]:mgd_l_- The model arrangement tested is
shown in figure I in the original condition and in figure 2

with the added chine-flare str_ps as recommended by the
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NACA tan_. The span of the model was 56 inches (tunnel
test-sectlon w_dth): therefore, only the inboard portion
of the wing (aoproximato!y 37.5 percent of the full span)
was modelc_d. The airplane wing tapers from an NAC±_
6_(]!20)-321 root section to an N_CA 65,3-_18 section at
the tip. The airplane hull was developed from and is
simi]ar to the NACA model 34-__ hull. The wing and hull
were constructed of mahogany and all surfaces were
painted and sanded until aerodynamically smooth• For
some tests fil!ets made of modeling clay were added to
the model at the wing-hull junction. These fillets
were of the eo_panding-radius type and were very small
forward of the maxim_u_ thickness of the wing. _t the
win S trailin,_ edge the fillet radii were ! inch and
0°563 inch, respectively, on the upper and lower wing
surfaces. The fillets extended along the hull aft of
the intersection for a distance of 2.25 inches. The
steo fairings used for some of the tests were made of
modeling clay and extended approximately 8o5 inches aft
of the step. Roughness was applied to the hull by two
methods, first, by gluing number 50 thread around the
hull 3.1 inches aft of the bow and later by shellacking
O.012-inch carborundum grains to the hull for a distance
of 3.1 inches aft of the bow.

_loat-strut model.- The model arrangement tested
is shown in figure 3 The mo_el was constructed of
mahogany; all the surfaces were painted and sanded _mtil
aerodynamically smooth. For these tests the model was
attached to a 36-inch-chord airfoil in such a manner that
the strut leading edge, extended, intersected the
quarter-chord point of the wing for all angles of inci-
dence of the float. The 36-_nch chord of the model
approximates, to the same scale, the chord of the air-
plane wing at the juncture of the wing and float strut.
The airfoil used was chosen only because of its avail-
ability and was an N_CA 66,2-216 section° _igure 4(a)
shows the float-strut model and the 36-inch-chord
airfoil mounted in the test section. The wing was
mounted approximately I_ inches aoove the center line
of the tunnel so that the float and lower portion of the
strut would be within the working limits of the wake-

T_survey mechanism. As a result of tests in the La_,a
tank, a spray stri2 was added, the step was removed, and
a cove was cut into the after section of the chine

(fig. 4(b)).



SYYBO LS

The coefficients and s_ubols used in this report are

defined as follows"

LZ

CLM model lift coefficient .....
, qo M

c ef._.clent increments_.CD air_lane-drag- _ _. . LD
qS

CD A

LM

drag coefficients based on the maximum cross-

D c - Dw
sectional area of' the hull

qA

total lift on the model

q

wing area of the model

dynamic pressure of air

AD drag of surveyed portion of the model scaled to

full size

S

D c

D w

A

total wing area of the airplane

drag of surveyed r_ortion of wing-hull combination

drag of s_irveyed portion of the wing alone

maxim_m_ cross-sectional area of the hull

a_tac_,< of the model wingangle of ""-

pitch angle (angle of attack of the hull)

TEST _TItODS

The lift coefficients were obtained by measuring

the reaction of the lift on the floor and ceiling of

the tunnel (_e _ • '._rence i). Tlle lift data are prese._ited

as model lift coefficients CL__.
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The drag measurements were made by the wa]:e-survey
method (reference i)o The d_ag data ai'e nre3ente_ a_

alrnisne-drag-_oo, flcienc increments AC D because the
t_,erences in cl<j coo cient resulting fro:_ modifi

cations of the arrange_en<s re!,jresei_i: di_"eotly the

resu_t__ng change in drag cceCf-_cient of' the actual

a-ir_)!an_. T_.le vai_e of this dra!_ Coef'fieient also

renrese_its the cont_!bution to the total, airplane drag

coefficient o _ the __ortion o¢ the model surveyed°

S0a...w_se drag surve_Ts were :_ade over the central 20

inches of the model s_:an. By _nter£ratlng these survey
dlagrams the a!rr.!ane_drag-coefflcient increments for the

wing--hull model were determi_ned. The model wing area
surveyed cor-,lesponds to 2<_.2 percent of tlie actua± air-

plane wing area. _ typical survey For one condition is

presented in figure 5 The _ection drag coefficients

shown in this figure are based on the mean geometric
model chord of IZ.72 inches.

The airplane-drsg-coeffic_.ent increments for the

float-strut model "_vere obtained by the integration of
drag surveys made over the float and lower 12_ inches
of the strut.

To compare the drag coeff_cie_ts for this model

with those of other bulls, the cocfficlents were also

based on the maxim_m cross-sectional area and are

presented as drag coefficients CDA.

qRESULTS AUD DI_CUSSi0N

Viin_-llull model.- The imnortant lift data obtained
are pre_ented in figure 6. Since m'n._)r modifications

t_) the }_u]i had little effect on <;l_elift characteristics,
these data a-_ not _resented. The i,_ci_ence of the hull

is shown to ]._a_e an sopreci.abie a"_-ec_-,_yon the _-:._cleof
zero i!]'t_ ti_e slope, anti ti%_ max'_m-m li_t coefficient.
The se _ _ _ - ' -wou_G have b_en r_,_;;::__.ess if _c total wJ.11_:_ig.o_r_g_: S - 1 '

area of the air_)ialie had been remi_es_.nccd on the ':_odel.

The drag data for each ncdel ari:_.ngement w_re
obtained at iJf_ coefficieng,_ co_-.res_t,o_-_" _

mately to the expectei high speed_ cruf. sJug_ a_d climb
conditions fo__ the airplane, The dreg data obtuJned are
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pr_.sented in figures 7(a) and 7(b). A comparison

between these figures shows timt the steo fairing used

with wing incidences of 2° and _o appreciably lowered the

drag coefficients of the r_odel. The addition of wing

fillets reduced the drag coeffi_cients obtained with a
wing incidence of 2 ° but gave a small increase in drag

with the wing _ncidence increased to 4° . The increased

chine flare added to the model following hydrodynamic
tests caused a small increase in the drag coefficients.

Doors, mooring apparatus, and other protuberances would
be expected to orevent extensive laminar flow over the

actual airplane hull; therefore, roughness was added to
the model to determine the drag coefficients of the hull

with fixed transition. At a llft coefSicient of 0°25,

cementing O.0!2-inch carborundunl particles to the hull

increased the drag-coefficient increment 9 percent at

_o incidence and gluing number 50 thread just aft of the

bow increased the drag-coefficient increment 5 percent

at 7° incidence.

The differences between the values for the wing-hull
combination and those for the wing alone represent the

drag and interference of the hull expressed directly as

airplane-drag-coefficient increments. These data are

chiefly remarkable for the tmus_Jally low drag increments
caused by the hull. This is clearly indicated in figure 8

where a comparison of the drag coefficients (based on
the maximum cross-sectional area) shows that the Hughes-

Kaiser hull, a modified NACA model _]_F, with fixed

transition gave considerably lower drag coefficients than
were obtained with the NACA model 3_$-.F (reference 2) w!th

fixed transition. The more fa_orable resu]ts indicated

by the present tests may be partially attributed to

possible favorable interference between the wing and the

hull. TI_¢ Hughes-i[aiser hull with fixed transition gives

lower drag coefficients than other comoarable NACA hulls
(references3 and _) in a smooth condition and tLe

coefficients obtained with the hull __n a smooth condition

are much !o_v'er.

Float-strut model_.- Tt_e accuracy of the lift data
obtained during the tests of this model was doubtful"

therefore, no lift co_fficients are presented.

The drag data are Dresented in figure 9 for the

three float settinzs tested. The afterbody step is

shown to cause an increase in drag for all three float

positions. Changes in incidence of the float and strut

to the wing did not affect the drag coefficients to any



appreciable e_<tent. The addition of the spray strip
and cove increased the drag of the mode]..

Tuft observations were made with and without the

step in the afterbody and wii:.h the float keel line
Daralled to the cl_ord line of the wing, The results of

these tuft studies are presented in figures 10 and ii.

With the step in the afterbody off the float, the air flow

{enerally was steady except over th.e surface just aft of
the. step• The flow over the bottom of the float just

aft of the step was se_arated.. At a point_, m_dwa?_, _ong_

the bottom aft oC the step the Clow was _.ntermlttently

separated, indicating that the air str_am was closing
back into the surface. WLtL no step in the afterbody,

the flow over the float was steady except near the rear

of the chine line. The ai_' se_arated locally as it

flowed over the chine line, but retur_ed to a steady
condit__on over the remainder of the float.

CONCLUDINC_ REd,ARKS

_:m_-1_ull model.- The results show that, for the

model tested, the incidence of the hull h,':_dan appreci-
able effect upon the angle of zero lift, the slope, and
the maximum lift characteristics. _.'iinormodifications

to the hull had little effect on the lift characteristics

of this model.

The model as originally tested showed unusually low

drag coefficients for all angles of incidence, and _he

addition of a step fairing lowered these drag coefficients

7.5 percent. The addition of wing fillets caused only

small chanoe,_ in drag. The adde@ _hJ.ne flare caused

small ,increase in the drag coefficients of this model-

in the hi_h-opeec, condition it moderate increase in the

drag coefficie1_ts was obtained with tramsltion fixed just
aft of the bow.

=]_Ja,-str_t mode] - The results sl_ow that changes

in inc__dence d'd not appreciably affect the drag coeffi-
cients of the model. Am _ _ _ _.... nc, e_se in drag-c;oefficlent
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increment of over 30 percent _vas obtained _iti_ a step _n

the afterbody of the float. The addit'on of the spray

sti_ips and the cove also caused an a!_preciab!e increas_

in _rag.

_e_lorial Aeronautical Laboratory,Langley _T

National Advisory Cor_m_ittee for Aeronautics,
Langley Field, Va., September 2]$, 19_I_.



RF. D_'REt!CES

l •

4,

Jscobs, E}_stman N., Abbot, Ira H., and David_on,

_,_iltou: r_e].J.,;i_l,:,l_JLow-Drsg-_irfoil and !,'lao

Data from Tests at Large r(ejm,,Ids U_r,:bels and

Low Turb1_ience, amd Su)T, lement. NACA A.C.Ro,

i"larch 191+2o

Isrk_nson, JoI_ _., O.7.sou, t':lo!and E., Drale..v, Eugene

C., and Luoma, Arvo A.. Aerody_s,a_ic and tiydro-
dynamic , sts of -'_ Family o._ l_]odels of ,_i_]v_n_-Roat_,l_,,_ ..
H,_.!]s Derived froi:a a Strea:-_lii_e :,Body - NACA i:iodel

S)-l. Scr'es. Y_CA A.R.R. N:). 3!15_ Sept, 19]1._.

tiartman, =.,ff ,_n • .. The Aerodv_sm_c D,'.ag of .'_'].ying-
Boat Hull 1{ode).s as },'ieasured in tl)e N._,C./t,

20-Foot Wind Tunnel- I. T.I._. N:_. 525, NACA, 1995.

J.B. Ebert John t;/, Jr ,Truscott, oLarr, Pa:rl:ins)_7, , , . .

a:id Valentine, E. _,_loyd: l:fvdrodynamic and Aero-
dynamic Tests of Models of [_l.)ring-Boat Hulls

Designed for Low Aerodyn_,mfc Dr,_. N.a.C.I{. Models
;' ° and "_ .,74, 7t_-n, _5. _.iI. No. 663, NACA, 19_8o



t

liSP!

!

I I
I I

II

I

§
e-t

o
IQ

I
ID
0

0

0

,,4
o

0

I

r'4

U

0

<

0

4_
e_

0

I

@





D
I
=1

_3
n_
0

!

b_

d3

o_

I

. 1o

°r-I

LI 0
b.O

°r-I

!

_o._
,._

0

,._

o

o

!

c4

N)
°_,--.I





m
@

0

OcOCO _1 r_

0

l0

_ 0
0

_o_

o _

/

,//
i/

§
r-t

<

o

o

I
Q
0

@

O

!

0

tp
r.4

0
w
I

0

0

4_

0

I





!
,--1

.f-4

o
i 0

t:m

,_.
Ul

,r.-t

,.Q

0

0
!

7'

(1) ,,.-I

0

% o

m_
I or--I

o

0
,r.4

%-I

o

0

ul

0

!

0

!

0 +

,.C

0

_o

,r-I

0

0

0

0





_Q





I

r+5_

P] <:
i+ +:+.+;

!:! ]:_

.+.++.i_±
+;++++

::!_N:
rill 2!

lib++

+T2
;t

Ii,

_t22
il
t: i7+:
][ _,+

!





,,13
II

>: }i
ii iH

!2 ,,
P _

_N

Hll
_Lm

fi{ "L

!!_o,

l '21

i iliii
i<i

. :!ii

i,

Jl

i;il_i]
f: !]:
[- tl

!:i
:_a[

!_fti t
!i!qlH
J :LLL./

ii_iIE[
._

:h:l "I

N!,im
.111%
ST! li]g4

i-2":

{F l,

.... g_
i:;" 4a

a : ,

, _e





i

:_4

_,_

?i

i_I.-__-

;!'s liJ:_ 7

J,, T_tl

it]'_Wd ii_iI !:H

4Plil, I}_._H4,xtiN!

!fi!I ml!H!tl_ d-;l _!!i '

di![_

i

q I t_

71 :'ll I l 04

i "

:--4i!

__'_:
47 'li''
I_ t._._-

_ _, ,-I _,-
4 _'_

i.L_m[i7:_:!{i

tin _t <,44

! _*'"+++_

_t,H .....

II L, :.t.I iI , ,

mNftii!f:O; _q]',
7i7{ 7if4

"_ i!i! :11....

P.If I l t_i

FH]

m!**'-Iit!*"

_ttt iib_

.... u ':t',l_}J:F

:_: _

T_ '_ { t!H! :flit

"

.... Hll

i!t!I,,_,
;i¢. [!i:

_:°

_°
N

m_H :





_!L_,

ii,!:!_

iili!

!!ill
!ii_i

..... !i

IW*:':

;'7 :47

x_ di llil
77 m +i_l_)i

L_ t!i i_:iirr W

I::_ 'llffA 7 ,Iti> _

_ i.

tf]

_±i

_ ill

T-
714

ii+"
it

Z ±

,,,:;,,_i£!:i,,,i_!,,?_1. _i!__

ii< _ ,.4

Z -oi

_ + •, i ill

d

Hi

:N_ HITI

bt _ ] .....

lltl m_
iiii_iiii_

N_

miiil

i,11_
:IHt

Nt
!HI Nfi

_7
H+ttmi

!mS !
il! '_*

U t t t:_I t_l

I[tt

ii ii
_d

•
!i; _ tqIH

!i14 _!
iili!ii !i

i ' ' 'ii 911

?I !41_ ,ill i I_

i:l

[!

_i!i:!__ i_

i:d,,,i-iti,l m ,........





_O

o

e...- O_---

a = 7.23 °

|AA

_ # " = 4.13°

c--- Steady flow
Turbulent flow

Intermittently separated flow
---_ Separated flow I a = 1.03 °

o'--_ c,___ _

Pigure/0 .- Tuft observations of the i/lO-scale float-strut model for the Hughes-_aiser Cargo

Airplane; step in float afterbody; float incidence 0 ° to wing chord; R, 7.0 × i0 U. Test, TDT _9-
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Figure //.- Tuft observations of the 1/10-scale float-strut model for the HpEhes-Kaiser CarKo

Airplane; no afterbody step; float incidence 0 ° to wing chord; R, 7.0 x I0 °. Test, TDT 386.




